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During the ~ast decade and a h~f the prob~em of staphy~ococca~ 
infections, with the rapid development of strains resistant to anti-
microbi~ therapy, has become the concern of the who~e medical com-
munity. One of the predominant sources and reservoirs of staphy~o-
cocca~ infections has been recognized to be the asymptomatic carriage 
of vi·rulent staphylococci in the anterior nares of the nose. 
Most of the large volumes of investigative work written on this 
subject have emphasized pr~marily the epidemiology and incidence of 
the staphylococcal carrier within the hospital community. The purpose 
of this paper is two-fold: firstly, to discuss some of the factors 
affecting nasal carriage of staphylococci; such as, infections, ant~-
biotic therapy, phage type, and host factors; secondly, to present 
some observations on the characteristics of the bas~c underlying mechan-
isms governing the local host-parasite relationships ~rithin the anterior 
nares. Special emphasis has been placed on the role that the polymor-
phonuclear leucocyte plays as a part of these mechanisms . 
Furthermore, the ability to distinguish the dangerous carrier is 
dependent primarily upon knowing the t,ype of staphylococcus he carries, 
i.e., the carrier of such epidemic strains as 80/81. It has been pointed 
out (l), however, that many such carriers never anpear to spread their 
organisms to others and thus, rnay be 11 innocent 11 epidemic strain carriers 
and unnecessarily removed from patient care. For these reasons, the 
technique of the nasal smear, used as a method to aid in distinguishing 
the dangerous carrier, is discussed with special reference to a semi-
quantitative count of staphylococci and polymorphonuclear leucocytes. 
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INCillENCE OF NASAL CARRIAGE 
The reported incidence of persons carrying coagulase positive 
Staphylococcus aureus in the anterior nares varies widely within the 
literature, depending upon What techniques were used to establish the 
carriage state and the environmental circumstances of the carrier. 
The data suggest that in the population at large, i.e., those persons 
who are in no way connected with a hospital, the incidence of the 
staphylococcal nasal carrier is about 35 per cent (range: 20-40 per 
cent) (2-6), while the general average among hospitalized patients is 
about 48 per cent (range:24-57 per cent) (2-4, 6-9). Among hospital 
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staff (the data reflect primarily the carriage by nurses) the incidence 
ranges between 37 per cent and 53 per cent, the average being about 
41 per cent (2, 3, 7, 10). 
One of the main sources of errors in attempting to define the 
carriage phenomenon has been the inconsistency with which a person car-
ries staphylococci in his nose. It became obvious that a simple 11 spot 
check" of patients and staff was not a true picture of the carriage state, 
but that a long term regimen of weekly swabs of the anterior nares would 
be more valuable in defining the carrier state. Thi s regimen did not 
solve, however, the problem since Duncan (11) cultured the same popula-
tion on a weekly basis for 32 weeks and found that the carriage rate 
would vary from about 24 to 48 per cent. 
Rountree and Barbour (12) and, later, Gould and McKillop (13), 
using the method outlined above, were able to define the carrier state 
on the basis of consistency of culturing staphylococci from the nose. 
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Persistent carriers, 24 per cent of those cultured, tend to carry the 
same phage type and have coagulase positive staphylococci in the nose 
almost all of the time, with only a 2 per cent replacement rate by new 
phage types . Intermittent carriers are defined as those people who 
periodically carry coagulase positive staphylococci in the nose . This 
group made up 15 per cent of those studied. Curiously, the same phage 
type was often present . The occasional carrier, 42 per cent of the total, 
varied from the intermittent carrier primarily in the number of staphy-
lococci isolated. In the former group only a few colonies were isolated 
per culture plate, and the phage type and antibiotic sensitivity pattern 
varied widely. The non-carrier, found in 19 per cent of those cultured, 
was defined as the person having a complete absence of coagulase positive 
staphylococci in the nose . 
The persistent and intermittent carriers are really the true hosts, 
while the occasional carrier is just filtering the air and the staphylo-
cocci were cultured by chance . Thus, it would appear that, at any one 
time, the shift of the intermittent carriers, losing or gaining staphylo-
cocci in the nose, would equalize and the overall carr ier rate would be 
the same . However, there was a greater shift toward carriage among the 
intermittent carriers as the time and degree of exposure increased. 
Rountree and Barbour (12) and other authors (14) suggest that this 
shift is a result of new implantation and not the reactivation of a latent 
carrier state . 
In the general population, as examined by Goslings and BUchli (9) 
in the above manner, 25 per cent were constant or persistent carriers, 
25 per cent were intermittent, and 50 per cent never carried . staphylococci 
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in the nose. Duncan (12) and his group, in a similar but smaller study, 
found that carriage of one phage type was not as consistent as the earlier 
reports suggested. Half of the persistent carriers carried several strains 
over a period of 18 weeks, while the ratio of single to multiple strain 
carriage among the intermittent carrier was about 3 to 4. Greendyke (8) 
noted on a medical ward that if changes in flora did occur, the greatest 
change was toward nasal carriage of staphylococci . However, those patients 
who remained non-carriers made up the largest group . 
Thus, it would appear that the factors governing nasal carriage 
are very variable on a time and on an individual basis. It is apparent, 
though, that some people have a prediliction to carriage, one strain or 
many, while others have none . 
It would be fruitful to inquire into some of the factors which 
govern nasal carriage once it has occurred, such as; concomitant infections, 
the use of antibiotics, phage type, and so-called 11 hos t factors. 11 The 
introduction and source of staphylococcal carriage is predominately a 
factor of exposure from the environment and is beyond the scope of this 
paper . 
ROLE OF INFECTIONS 
It has been well documented that patients in the post-operative 
state who are nasal car riers have a greater incidence of wound infections 
(15-19). Weinstein (17), who found a 13 per cent greater incidence of 
major post-operative infections among staphylococcal carriers, suggested 
that the nasal carriage of coagulase positive staphylococci be controlled 
prior to elective surgery. 
However, the reverse is not necessarily true; actually, the 
presence of nasal-pharyngeal bacterial infections appear to limit 
the growth of staphylococci in such areas (20, 21). Lourell (20) 
and his group found that the heaviest growth and highest incidence 
of Staphylococcus aureus colonization were seen among those without 
upper respiratory tract infectj_on. The presence of pneumococci, 
streptococci, or Hemophilus influenzae decreased the Chance of finding 
Staphylococcus aureus in the nose. These data suggest that either the 
staphylococci were crowded out by increased competition, or that the 
host response, elicited by these other bacteria, was then able to 
-
eliminate the staphylococci, which by themselves did not provoke as 
potent a host response. 
The presence of an upper respiratory viral infection, such as 
Adenovirus, Type 2, or ECHO, Type 20, with Staphylococcus aureus has 
been· suggested to increase the dissemination and nasal colonization 
, of staphylococci, i.e., the "Cloud Baby" phenomenon described by 
Eichenwald ~and his group (22, 23). The mechanism of this increased 
dispersal and colonization is not clear; but it has been suggested 
tnat: l) changes in the respiratory epithelium are such that it can 
harbor an increased number of bacteria, 2) there is an increased mucous 
output, lvhich acts as a vehicle for dissemination, 3) the mucous pro-
s. 
duced in the concomitant viral infection differs in surface tension and/or 
viscosity which in itself permits increased growth of the staphylococci 
and aerosol formation (22). 
ROLE OF ANTIBIOTIC THERAPY 
It is nm-1 apparent that systemic use of antibiotics such as 
penicillin, streptomycin, or tetracyclines has an adverse effect upon 
the nasal carriage of Staphylococcus aureus since the antibiotic 
sensitive strains are rapidly replaced by resistant strains from the 
environment (9, 24-30). Bernstein and McDermott (24) have shown that 
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among patients given tetracyclines, the carrier rate rose 30 per cent; 
while the carrier rate among those without treatment rose only 11 per 
cent. Furthermore, there was a 29 per cent greater incidence of new 
strains among those given treatment, and of these 72 per cent were 
resistant to the tetracycline administered. These authors felt that 
there was an increased 11transmissibility 11 (the maintained survival of 
a strain following transfer to a new host) among the resistant strains. 
However, Knight (27-29), in an extensive study of the problem, 
found that although antibiotics influence the type of strain carried, 
the capacity to be a carrier was independent of the antibiotic therapy. 
No increase in the carrier rate was found. 
The controversy over the direct effect of antibiotics on the 
carrier rate is at present unsolved. Bernstein and McDermott 1 s (24) 
work implies that there is an intrinsic difference between staphylo-
coccal strains while Knight (27-29) suggests ~hat there is a difference 
in hosts . If the carrier rate decreased with antibiotic therapy, this 
would be simply a drug effect. Since a rise occurs, however, the sur-
vival of the new-resistant strain is primarily dependent on some in-
creased ability of these organisms to resist the host 1 s defenses. On 
the other hand, if antibiotic therapy changes only the type of the 
organism carried with regard to antibiotic sensitivity, and not 
the actual carrier rate, as Knight (27-29) points out, the inabilit.Y 
to resist staphylococcal colonization would appear to reside in the 
host himself and not be affected by extra-corporeal factors. 
Clark (25) found that the ease of replacement varied in-
versely with the number of penicillin sensitive organisms present in 
the nose . In other words, the loss rate of penicillin sensitive organ-
isms, and their subsequent replacement by resistant organisms, was 
slower in the persistent and intermittent carriers who carried larger 
numbers of staphylococci in the nose than the occasional carrier . 
A further controversy has developed around the source of the 
strains resistant to antibiotics . It has been noted that some strains 
may become r esistant to antibiotics in addition to the one currently 
used for therapy. These data suggested to Goslings (9) that the resist-
ant strain was acquired from the environment and did not develop in situ 
by mutati?n and selection of resistant strains . As a further argument 
in favor of this theory, this author found that the rate of shift to 
carriage of resistant cocci rose rapidly during the first two weeks of 
therapy but then leveled off. The final level of carriage among sus-
ceptibles that was reached depended on the number of resistant strains 
present withi n the hospital . 
However, other authors (30, 31) noted that, in vitro, penicillin-
resistant strains emerged quickly when the concentration of the penicillin 
was able to suppress normal nasal flora . Gould (31) found evidence, 
in vitro, after passage of a strain through a series of cultures with an 
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increasing concentration of penicillin, that the phage type of sensitive 
groups I and II became changed to a resistant phage type of group III. 
The conversion of other phage types has also been shown to occur by 
Nahmias and his co-workers (32, 33) . They found that phage t.ype ~0/81 
is in realit.y a complex composed of types 80, eo/81, 52/52A/80/81 and 
80/52/52A. The "combined carriage" of two strains within this complex 
has been shown to occur simultaneously, and that alternate carriage of 
just one strain and then the other strain occurs . Furthermore, subtypes 
~thin the 11 80/81 complex" can be distinguished and some subtypes are 
lysogenic for another and can convert one phage type to another . 
It may be true that many strain complexes, like the 11 80/81 complex'! 
exist, i.e ., 3A/3B/3C, where combined and alternating carriage within the 
group can occur without further colonization from the environment . If 
an alternating strain within an antibiotic sensitive complex mutates to 
an antibiotic resistant strain, this strain wiil be selected over its 
sensitive complex 11mates, 11 thus mimicing replacement of sensitive strains 
by resistant strains from the environment . However, the phenomenon of 
repiacement of sensitive strains certainly must occur to some extent 
since this replacement is such a large potentiai source of staphylococcal 
carriage in the hospital enVJ.ronment . 
ROLE OF PHAGE TYPE 
The techniques of typing Staphylococcus aureus by the abilit.y of 
certain phages to lyse the bacteria has become an important epidemiological 
tool . It has been recognized, especially in recent years, that certain 
phage types are becoming increasingly more prevalent. The question has 
been raised that are these so-cailed "hospital strains" really more virulent 
and thus are able to induce carriage, or are they by reason of their 
11 PEST11 (penicillin, erythromycin, streptomycin, tetracycline resistance) 
qualities more likely to be present in the hospital situation? One such 
phage type is the epidemic strain 42B/44A/47C/52/80/81 or commonly 
designated as 80/81 (1, 34-40). 
Baldwin (34) and his group, during a 7! year study, found that 
of the staphylococci carried in the nose by newborn infants, 75 per cent 
were of five different distinct strains in phage group III and 30 per cent 
of the totaJ_ were of strain 130/81. Although the environmental studies 
show that there are no increased numbers of 80/81 in the air (35), those 
carriers of 50/81 were found to have larger numbers of Staphylococcus aureus 
' in the nose than the non-80/81 phage type carriers (3~). In animal studies 
it is apparent that the 80/81 strain is no more v:Lrulent than other coagul-
ase-positive strains when injected either intra-peritoneaJ_ly (35, 41) or 
subcutaneously (36). 
White (39) suggests t ,"at the higher proportion of hospital acquired 
staphylococcaJ_ infection is due to the increased frequency of multiple 
drug resistance pattern in the 80/81 strain than others. Other authors 
(36), ·however, suggest that the greater incidence of 80/81 is dependent 
upon increased ability of this organism to be spread around by the carrier 
and, once implantation has occurred, greater efficiency with which a colony 
is instituted and maintained. 
Thus, this increased incldence of t-11e 80/81 strain would seem to 
be dependent upon t-he ease of replacement of a different well established 
strain by the 80/81 strain, or conversely, the degree with v1hich 80/81 
resists replacement by a new strain. The response of ~~e host to these 
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strains might also v~ such that that the 80/81 strain is favored and 
thus colonizati on is able to progress . This nebulous question of the 
"host factor" is raised by many authors, but is clearly something about 
rrhich little is knoun . 
THE ROLE OF THE HOST FACTORS 
Many authors consider that one of the prL~ry determining factors 
affecting nasal carriage is the host himself (2, 28, 29, 42, 43). Ander-
son (2) and his workers feel that colonization probably is determined by 
changes in the host ' s physiology and the nasal ecologic relationship 
between the staphylococcus and its carrier. Knight (29) and his co-
workers think that the carrier state is in reality a mild · fection, since 
cultures of constant carriers were shown to grow out about e1,000 colon-
ies , while cultures of the infrequent carrier gr ew out col 
lower range, i.e . , about 300 colonies. These authors (29) 
in a much 
believe 
that the capacity to become a carrier is dependent upon so e "humoral 
or systemic" factor; those who had a propensity to become carrier re-
mained so . Lepper and his group (42) agree wlth this sta ement and add 
staphylococci to occur independently of the environment. 
Personal habits, such as, laughing, coughing, manne s of speech, 
and cleanliness, as well as local nose and throat conditio1s, have been 
suggested by some authors (44) to play an important role inj determining 
the extent of nasal colonization and dispersal. 
The local nasal anatomy has been implicated by Jacob (20) in 
influencing nasal carriage. He found t."fla t there was nasal carriage 
-
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rate among those individuals with deviated septums or dama ed turbinates 
than in the normal population . Others (11), however, foun no correlation 
between nasal carriage of staphylococci and abnormalities r infections 
of the nose or sinuses, patterns of normal flora, or lysoz e content of 
the nasaL mucous. Mucin, though, in large amounts, has be n found to 
interfere with phagocytosis mechanically by inhibiting the circulation of 
leucocytes but had no effect on the rate qf ingestion and estruction of 
bacteria (4.5) . 
THE ROLE OF THE POLYMORPHONUCLEAR LEUCOCYTES 
Chemotaxis 
The polymorphonuclear leucocyte,henceforth referred to as PMN, 
has long been recognized as the first of the animal cellul defenses 
once the tissues have been invaded by pathogenic organisms . Furthermore, 
the PMJ~ controls tissue invasion by saprophytic organisms ·ch abound 
over the human body' (46) . Thus, when evaluating host 
the carriage of staphylococci, a deeper investigation into e role 
played by the PMN would seem justified. 
The defensive power of the PMN is characterized by i s ability to 
emigrate out of the blood stream follmv-ing a chem(otactic st mulus, to move 
through the tissues with an ameoboid motion, and to corner ·rulent organ-
is~s against otl1er cells and phagocytize them. This proces is called 
surface phagocytosis and ordinarily can occur without the h lp of opson-
izing antibodies (46) . The P}TI~ is ordinarily nonreproduct ve and is not 
able to form antibodies, but does contain certain specific nzymes such as 
lysozyme, phagophagocytin, as well as other proteolytic and lipolytic 
enzymes to aid in its task. 
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The movement out of ~~e capillary lumen between end thelial cells 
and through the basement membr:me is termed emigration (47 • After cellu-
lar injury leucotoxin (48), a cytoplasmic polypeptide faun in tissue cells 
or PMN's, activates precourses in extravasated serum which will tnen en-
hance PMN emigration . This enhancement occurs by inducing the close ad-
herence of the PMN to the endothelial wail with subsequent diapedesis 
into the extra-capillary spaces. 
The directed ameboid movement of PMN 1 s within 
tissue spaces is termed chemotaxis (47). McCutcheon (49) 
in vitro, a bacterial chemotactic substance that will induce movement 
to>vard bacteria by PMN ' s within a 1 mm . field . 
cannot be washed off the organism, is continuously produce , and is 
thought to be a carbohydrate since many of these compounds · 11 elicit 
a chemotactic response . Although most pyrogenic 
tactic exciters, some virulent staphylococci were found 
chemotaxis (the movement away from the organism) . This 
wqs thought to be due to leucodidin, a leucocyte toxin prod 
virulent staphylococci . 
Metabolic Basis of Phagocytosis 
ood chemo-
. duce negative 
lling action 
Before emigration and phagocytosis, it appears that e PMN main-
tains metabolic functi on like most of the other cells of During 
phagocytosis, however, a definite change in metabolism occu s . There is 
an increase in the glycolytic pathways (primarily the hexos monophosphate 
shunt) relative to oxidative phosphorylation, as shown by i creased 
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lactate formation, oxygen uptake, and appearance of c1 glu ose as co2 
relative to c6 glucose in the phagocytizing cells. The abo e is felt to 
be the response to a "dramatic demand" for energy and the ricarbox-
ylic acid cycle cannot produce the energy fast enough an lactate builds 
up (50) . Furthermore, metabolic blockers of oxidative ph sphorylation 
did not appear to alter phagocytosis vrl1ile blockers of gly olysis did 
(50 , 51) . The concomitant drop in cytoplasmic pH from inc eased lactate 
formati-on becomes a primary component in the mechanism of ysis o! the 
cytoplasmic granules as described by Cohn and Hirsch (52-5 ). These 
authors found that 70-80 per cent of the total antimicrobi agent, 
phagocytin, a globulin first described by Hirsch (55), was present ~n 
the granule fraction of the PMN cytoplasm, and that it was liberated from 
the granules by a pH of 5.0 or lower. Within 30 minutes llovri.ng inges-
tion of bacteria, they noted a marked reduction of these toplasmic granules, 
relative to the quantity· of material ingested. Following phagocytosis 
there ~as a four- fold decrease in recoverable phagocytin suggesting a con-
sumption of the enzyme . Thus, it would appear th '1 t during the act of 
phagocytosis, this enzyme plays an important role in aiding the ingestion 
and digestion of the bacterium. 
Lysozyme, another bactericidal agent whose productic~ has been 
attributed to the migrating PMN (56), has been shmm to eff~ciently lyse 
Staphylococcus albus but has no effect on Staphylococcus aureus (57, 58) . 
Immune Factors Affecting Phagocytosis 
Cohn and Morse (59) noted that coagulase positive St~phylococcus 
aureus ivas not as efficiently ingeste~ in normaL rabbit serf1m as coagulase 
I 
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negative Staphylococcus albus . Immune sera prepared again t the coagulase 
positive strain enhanced ingestion of the homologous organ sm and three 
heterologous strains of staphylococcus as well. 
A thermostable serum opsonin was described by Roger and Melby (60) 
to be a specific factor required for rapid phagocytosis of coagulase 
positive staphylococci by PMN 1 s suspended in fluid system . Tha,y feit that 
viruient staphyiococci possess a surface mechanism ~ich r or prevents 
ingestion by PMN' s in the absence of a specific opsonin p sent in human 
sera. 
Cohn and Morse (61) found that a lipopolysaccharide endotoxin of 
Salmonella has a direct effect on both the functionai and e metabolic 
properties of rabbit fl1N 1 s . They noted an increased phagoc tic activity 
and a stimulation of aerobic glycoiysis . Aithough the ult ·mate effect 
is on the surface activity of the cell membrane, it was not governed 
by the release of bactericidins or opsonins . 
Miya and Marcus (62-63) suggested, on the other hand that serum 
antibodies play littie or no role in enhancing phagocytin o digestive 
activity of PMN 1 s but rather a heat labiie compiement-prope din system 
was more important . 
Resistance to Phagocytosis 
That some staphylococci resist phagocytosis by PMN 1 s is well known . 
1he ability to produce coaguiase has been suggested to be a sociated with 
this increased resistance . Eariier w·ork ( 64), which was la er confirmed 
in tissue culture (65), demonstrated that coagulase positiv staphylococci were 
able to survive within the PIJJN and to escape after death of the cell . 
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It was suggested titat the abiiity to survive was cocidin, 
shown by Woodin (66) to inhibit ~1N respiration . However, it has been 
shown that this is a normal metabolic shift from re&~irati n to an 
increased glycolysis during phagocytosis (50). 
--------------------------------- '-
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EXPERIMENT USING NASAL SMEARS 
Introduction 
The fo~lo1~g experiment was designed to find some orre~ation 
between nasal carriage of coagulase positive staphylococci and nas~ 
smear characteristics, specifically, the presence of large umbers 
of polymorphonuc~ear ~eucocytes (PMN 1 s) . 
The finding of PMN 1 s Ln various parts of the body s ves as 
an indicator of the host's response to a foreign material . Bacteria 
are well knmm to elicit this response and PMN 1 s can be fo 
urine, and cerebrospina~ fluid during an infection. Thus, · t was felt 
that it would be valuable to semi-quantitative~y measure the numbers 
of Hfl~ 1 s in tne nasal smear as an indirect method of evalua ing the 
host response to the carriage of virulent staphylococci in ~e nose. 
Methods and Materials 
Our population was d~avm from two sources . group was 
the inpatient-nursery at Boston City Hospital. 'lhe second roup was 
made up of babies returning for a six-weeks-old check-up to t~e out-
patient department of the Boston City Hospital. 
The babies were cultured by rotating a cotton swab t ·ce in each 
nostril and then smearing the swab on a trypticase soy agar p~te . The 
nostrils were swabbed again and the swab smeared on a glass slide and 
fixed immediately in a 1:1 solution of 95 per cent ethyl al hol and 
ethyl ether. The slides vrere stained v-rith Wright 1 s stain jd examined 
semi-quantitatively for polymorphonuclear leucocytes, squamtus and 
respiratory epithelial cells, staphylococci, streptococci, tacilli, 
and yeasts . 
-
J 
Yellow· pigment producing colonies on the plates wer semi-
,quantitatively counted and representative colonies were te 
coagulase production. Those positive for coagulase v1ere p age typed 
by the Massachusetts Departrrent of Public Health, Division of Labor-
atories . 
Results 
The data derived from the nasal smears were divided into three 
groups - a negative group, an intermediate group, and a po 
In the negative group neither the staphylococci nor the po 
leucocytes (PMN 1 s) were seen with any constant frequency p 
field . In the intermediate group the correlation between 
and staphylococci was poor, since the smears contained man 
few PMN 1 s and vice versa, few cocci, but many PMN 1 s. 
group there was a strong correlation betl..reen great numbers 
and great numbers of cocci throughout the smear. 
orp honucle ar 
high power 
y PMN 's 
Of the 124 nasal smears examined 87 were in group, 
20 in the intermediate group, and 17 in the positive group. The correla-
tions between the smears and the respective bacterial 
follows. In the negative group 19, or 22 per cent,of the p tients carried 
positive staphylococci in the nose; 46, or 53 per cent,carr ed Staphylo-
coccus albus. The cultures of the remaining 22, or 25 per ent ,shm..red 
either growth of other organisms or no growth. In the inte ediate group 
7, or 35 per cent,of the patients carried coagulase positiv staphylococci; 
7, or 35 per cent,carried Staphylococcus albus. The cultur 
remaining 6, or 30 per cent 
7 
shm-1ed either growth of other b cteria or no 
growth. In t he positive group 10, or 59 per cent,carried c agulase positive 
18. 
~taphylococci, while us albus . 
The culture of the remaining patient grew out Proteus . 
It 1-rould appear from this data, as sununarized in 
more coagulase positive staphylococci were seen s with l arge 
numbers of PMN 1 s than Staphylococcus alb us vrith of Pl'-1N 1s . 
Also within the coagulase positive group (Column A) a higher percentage 
per group was seen among the positive smear group than the egative . 
By chi square analysis the number of cultures which grew out 
coagulase positive staphylococci was significantly greater (P~ . 01) 
in the positive nasal smear group than the negative smear . If the 
cultures which grew out coagulase positive staphylococci (C lumn A in 
Table I) are compared to all the other cultures, wnich gre1-1 
out Staphylococcus albus , other bacteria, and no growth (Co umn B in 
Table I), by the chi square method, the results show: 1) in the negative 
and int ermediate smear groups there were significantly fewe (PL. .01) 
coagulase positive staphylococci than the combination :r;10ted above in 
Column B; 2) . in the positive smear group there was no sign'ficant dif-
ference between Columns A and B (P L .10, >.0.5) but there I s a stronger 
tendency to find coagulase positive staphylococci in the po itive smear 
group than any other organism. 
Those colonies which produced coagulase were subsequ ntly phage 
typed and the following distribution of the strains was fou~d (Table II, 
Figure 1) . The 11 80/81 complex11 comprised a small percentag~ of t he total, 
probably reflecting the 11 background11 carriage r ate at Bostoz City Hospital. 
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The number of the 3A/3B/3C group of strains was much larger, probably 
because of the fact that the cultures were taken at the e 
epidemic involving this phage type. The non-typable 
relatively large, but the significance of this large 
Furthermore, the majority of the phage type strains in the 
of a nursery 
also 
is unknown. 
group were in the negative and intermediate smear groups, the 
11 80/81 complex" was evenly distributed. The non-typable g up, on a 
percentage basis, comprised half of the positive smear gro 
Discussion 
Previously in this paper the role of various factor affecting 
the carrier rate of staphylococci has been discussed. It as pointed 
out that the presence of other bacteria inhibit the growth of staphylo-
cocci in the nose (19, 20), but whether this inhibition is a function 
of competition or host response is not known . Although man authors 
have reported that the use of antimicrobial agents will local 
replacement by resistant strains in the nose, the actual of the 
car rier rate is still clouded in controversy. Although th 11 80/81 complex" 
is carried in large numbers today, little is known about th reason why 
this strain is more prevalent than others . Local host 
nasal passage abnormalities, have been thought to play a e in facil-
itating staphylococcal carriage, but the evidence is not crete . 
There have been, then, very fevT investigations on underlying 
causes which might explain some of t he mechanisms which gov 
of the staphylococci to be carried asymptomatically by the We have 
tried in this experiment, by using the technique of nasal s to point 
out some of these mechanisms . 
r 
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Whether the anterior nares smear is a true picture o the local 
environment is open to some question, since in an upper iratory tract 
the nose . In these cases, however, there are seen on the s ear large num-
bers of respiratory tract epithelium cells with basal nucle· and cilia. 
In most of our smears the predominant nasal cell -vras the sq 
lium cell with a central nucleus and no cilia, found only · the anterior 
nares portion of the nose . Thus , we felt that the bacteria and the PMN' s 
seen in conjunction with the squamous epithelium cell, were truly represent-
ative of the anterior nares . 
Our results show that the correlation between the pr sence of large 
numbers of both organisms and PMN ' s in the anterior nares, as greatest 
when the organisms were coagulase positive staphylococci. her organisms, 
when present in large numbers, would also elicit a large response , but 
with less consistency than coagulase positive staphylococci . It is ex-
pected that the host ·response to the more virulent staphyloc cci will be 
greater, because of the many chemotactic substances teria produce 
either by themselves or by cellular destruction . 
These data agree with Knight's (28) suggestion that sal carriage 
is really a sub- clinical infection . Although the carrier is asymptomatic, 
he is ~obilizing P~lli ' s to deal with the foreign agent . It rould seem then, 
that the carrier is one in >mom the natural pattern of resis ance is in-
adequate , and a larger defense mechanism is needed to subdue the offending 
organisms . This concept, as expressed by Nahmias et al . (73 74), lends 
21. 
itself very nicely to a speculative model explaining the ference 
between permanent carriers, occasional and non-carriers . e former 
are unable to eliminate staphylococci from the nose, and co sequently 
the PMN output would be very high, as the host would be und r a greater 
stimulus . The occasional and non-carrier, on the other han , having the 
better host defenses, could eliminate the staphylococci at faster rate. 
This concept suggests the need for further experimentation, such as a 
larger study making nasal smears on both knovm permanent ca riers and 
occasional carriers and comparing the numbers of PMN 1s in e ch case . 
Furthermore, these data suggest that the nasal smear technique, 
because of its simplicity, might aid the evaluation of the ype of 
staphylococci carried. If one found large numbers of staph lococci 
and fMN ' s on the smear there is a much greater chance that he person 
is carrying coagul~e positive staphylococci in the nose th~ Staphylo-
coccus albus . The presence of large numbers of P!1N ' s might \be the 
vehicle by which the 11 dangerous 11 carrier dispenses organism~ into the 
environment, either by droplet formation or secondarily by l:: is hands 
or clothes . On the other hand, the occasional carrier of coagulase 
positive staphylococci, found in the nose with few PMN 1 s, nright be less 
likely to disperse his organisms . Thus , this technique would help in 
differentiating the dangerous from the innocent carrier of coagulase 
positive staphylococci . 
SUMHARY 
1 . The incidence of the nasal carrier among the gene 
population, hospita~ized patients, and hospital staff, as we 
22 . 
the definition of the possible types of nasal carriage, are 'scussed. 
2. Factors affecting the carrier rate of coagulase p 
staphylococci, such as, concomitant infection, antibiotic t h rapy, 
phage t,ype, and host factors, vdth special emphasis on the p ly-
morphonuclear leucocytes (PMN) are considered . 
3. Data based on 124 nasal smears made during the en of a 
staphylococcal epidemic in the nursery of the Boston City Ho ital. 
are presented. These data revealed a direct correlation bet 
increased numbers of coagulase positive staphylococci and P 1 s found 
in the nose . No such corr elation was seen with either staph lococcus 
or g~ram negative bacilli . 
Thus, these findings support the hypothesi s that the 
riage of coagulase positive staphylococci is a sub - clinical 
The usefulness of the nasal smear technique as a method for ecognizing 
the potential dangerous nasal carrier of coagulase positive staphylococci 
is also discussed. 
TABLE I 
RT,LATIONSHIP B1'THEEN NASAL SHEAR GROUP 
AND CULTURE STUDIES 
Culture Stlil.d.ies 
. Colunm A Column B I Comparison of A and B 
Growth of' 
Grovlth of Growth of other 
Nasal Smear ~asal Smears Coag . + Staph . Staph. albus Organisms No Grovtth Chi 
Group 't % of I} % of # % of # % of # % of Square P Value ,, tl 
Total Group Group Group Gr oup 
Negative 87 70.4 19 21. 8 46 52 . 9 15 17 . 2 7 8.0 I 31.7 . 01 
Intermediate 20 16.0 7 35 .0 7 35.0 4 20 .0 2 10.0 9.0 . 01 
Positive 17 13.6 10 58 . 8 6 35 . 2 l 5. 9 0 o.o 3.1 .10 
Totals P-24 100.0 36 29 .0 59 h7 .6 20 16.6 9 7. 3 








Relationship Beti.;een Phage Type 
and Nasal Sme a r Group 
3 /3B/3C Non- typable 
Number 0 Number 0 
8 42 2 10 5 27 
3 43 1 14 1 14 
2 20 1 10 5 50 
13 3 11 11 31 
Others Total 
Number 0 Number % 
4 21 19 100 
2 29 7 100 
2 20 10 100 




























Rela tionship bet ween Nasal Smear Group 
and Positive Coagula se Test 
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